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Advanced Manufacturing of Solid Oxide 
Electrodes Using ALD
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SOEC Electrode Degradation ɀNickel Migration
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ÅAs Nickel migrates and agglomerates, density of TPBs is reduced
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ÅAdd H2 gas to feed to prevent Ni oxidation

ÅIncreasing surface area/density of active TPBs with additional catalysts via infiltration, ALD, PLD

WhatɅs Been Done to Prevent Degradation
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× Outlook: Develop robust electrode structure preventing Ni 
migration

× Challenge: Binding Ni in complex microstructure while preserving 
TPB

× Solution: Conformal ALD coating of chemical anchor compatible 
with SOEC manufacturing
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Timeline
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Report + Phase II Proposal (34-39 weeks)

Evaluate and create plan for scale up (10-32 weeks)

Testing under electrolysis conditions (25 -35 weeks)

SOEC fabrication and characterization (15-32 weeks)

ALD Process Development (2-20 weeks)

Modification of ALD system (1-5 weeks)

Kickoff Meeting (0-4 weeks) Phase I Base Period

POP: 06/27/22 ï03/27/23

Duration: 39 weeks

Goal:

1. Demonstrate the technical feasibility for 

the growth of the proposed anchor films 

via ALD in YSZ scaffolds provided for us 

by our collaborator, UPenn

2. Evaluate and validate the performance of 

ALD-coated fuel electrode by performing 

representative electrolysis testing and 

evaluating the extent of nickel migration
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Novel Oxide Anchor to Prevent Nickel Migration in 
Ni-YSZ Fuel Electrode

YSZ substrate
ALT Anchor 

Deposition by 
ALD

Nickel 
Nanoparticle 
Deposition

Activate ALT 
Anchor by 
Annealing

Anchor Deposition by 
ALD

YSZ scaffold Nickel Nanoparticle 
Deposition

Activate Anchor by 
Annealing

TPB

ALD enables anchor to deposit 
conformally on YSZ scaffold
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Advantage of Anchoring
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Porous overcoatAnchor

ÅPrevents Ni migration and agglomeration while preserving Ni for TPBs

ÅMinimized risk of blocking TPB 

Anchor
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Atomic Layer Deposition (ALD)
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Å ALD is driven by surface 
chemistry

Å Requires unique chemical 
precursors

Å Requires careful design of 
ALD systems
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Approach
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ÅCells fabricated via tape casting

ÅAnchor coating will be deposited by 
ALD into the cell scaffold

ÅWet infiltration to add the active 
components

ÅCalcination anneal will activate anchor



rmd.dynasil.comInspired by Light

Cell Fabrication ɀTape Casting
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YSZ tape used for making 
dense electrolyte layer

YSZ tape with graphite pore former 
used for making electrode layers

ÅCells are fabricated using tape casting with a slurry containing YSZ or YSZ plus 
graphite pore formers

Cells before sintering

Cells after sintering 1500ºC
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Anchor coated YSZ
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Elemental Mapping of Anchor in Button Cell
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